Expression of beta2-microglobulin (/32m) in the common carp was studied using a polyclonal antibody raised against a recombinant protein obtained from eukaryotic expression of the CycaB2m gene.,/2m is expressed on peripheral blood Ig and Ig-lymphocytes, but not on erythrocytes and thrombocytes. In spleen and pronephros, dull-and bright-positive populations could be identified correlating with the presence of erythrocytes, thrombocytes, and mature leucocytes or immature and mature cells from the lympho-myeloid lineage, respectively. Thymocytes were shown to be comprised of a single bright-positive population. The Cyca-B2m polyclonal antiserum was used in conjunction with a similarly produced polyclonal antiserum to an MHC class (Cyca-UA) ce chain to investigate the expression of class molecules on peripheral blood leucocytes (PBL) at different permissive temperatures. At 12C, a temporary downregulation of class molecules was demonstrated, which recovered to normal levels within 3 days. However, at 6C, a lasting absence of class cell-surface expression was observed, which could be restored slowly by transfer to 12C. The expression of immunoglobulin molecules on B cells was unaffected by temperature changes. The absence of the class cell-surface expression was shown to be the result of a lack of sufficient Cyca-B2m gene transcription, although Cyca-UA mRNA was present at comparable levels at all temperatures. This suggests that class expression is regulated by a temperature-sensitive transcription of the Cyca-B2m gene.
INTRODUCTION
The major histocompatibility complex (MHC) class I heterodimers are cell-surface glycoproteins compris-*Corresponding author.
ing a heavy chain, normally referred to as ce chain, which is associated noncovalently with /32-microglobulin (/32m) (Klein, 1986) . In the common carp, the/32m and class I ce molecules are encoded by the Cyca-B2m and Cyca-UA genes, respectively. The Cyca-B2m mature protein has 97 amino acids and a deduced molecular weight of 11,174 Da (Dixon et al., 1993) . Cyca-UA mature protein has 332 amino acids with three external domains, a transmembrane, and cytoplasmic segment (Van Erp et al., 1996a) . The inferred Cyca-UA molecular weight is 37,213 Da, excluding the putative glycosylation products.
Generally, MHC class I molecules are located on the surface of most cells and are involved in binding and presentation of antigen to a subset of T lymphocytes, the cytotoxic T cells (Bjorkman et al., 1987; Salter et al., 1990) . For the efficient transport of properly folded class I molecules to the cell surface, the association of the class I ce chain with both peptide and/32m is required (Vitiello et al., 1990) . The peptide of a certain length as well as /32m are essential not only to promote MHC class I assembly, but also to give stability to the heterodimer (Townsend et al., 1989 ). The free class I heavy chain that results from the dissociation of the /32m from previously assembled heterodimers appears to be unable to present peptides to T cells (Rock et al., 1991) . Although the stability of the class I heterodimer is temperature-dependent, as shown in experiments, which uses the RMA-S cell line (Ljunggren et al., 1990) , nothing is known of such requirements for class I trimolecular stability in poikilothermic animals such as teleostean fish.
The immune system of fish, although with some differences, seems to be comprised of the same basic features found in other vertebrates (Turner, 1994) . For some time, functional assays (e.g., skin transplantation, MLR, in vitro antibody production) were considered to be evidence for the presence of MHC in teleostean fish (Stet and Egberts, 1991) . Recently, however, a large number of MHC (class Ice, /32m, class II ce and/3) and MHC-related genes of different teleost species have been identified (Dixon et al., 1995) ). As yet, no data are available concerning the functional properties of the molecules encoded by these MHC genes (Stet et al., 1996) . Studies on function requires appropriate tools, such as antibodies. Due to availability of carp/32m (Cyca-B2m) and class I ce-chain (Cyca-UA) full-length cDNA, it became possible to produce recombinant proteins and raise polyclonal antibodies to such proteins, as has recently been demonstrated for the Cyca-UA class I molecule (Van Erp et al., 1996a) .
Experiments have shown that the immune response of fish kept at the lower limit of their physiological temperature was severely impaired . These findings were investigated further by studies carried out in the channel catfish (Ictalurus punctatus), where it was demonstrated that in vitro teleost antigen-presenting cells were able to take up, process, and present exogenous antigen and trigger antibody production at low permissive temperatures (Vallejo et al., 1992) . It was concluded that the previously observed temperature-dependent suppression of primary T-cell responses in fish was not attributed to impaired class II expression. However, the effect on MHC class I molecule expression has never been investigated in fish.
In this study, the expression of class I molecules was investigated with the aid of polyclonal antibodies raised against recombinant carp class I ce-chain (Cyca-UA) and/32m (Cyca-B2m) molecules in carp that were kept at different permissive temperatures.
RESULTS
Characterization of the Carp/32-Microglobulin Antiserum We have previously reported the cloning of a fulllength cDNA encoding carp/32-microglobulin (CycaB2m) (Dixon et al., 1993 although a large amount of protein was present in the molecular weight range studied.
The antiserum was also tested on live cells by FACS analyses (Figure 2 ). The preimmune serum staining showed only weak reactivity, being close to the range of the conjugate only. This preimmune reactivity could be reduced by absorption to erythrocytes. The absorped antiserum was used in all subsequent experiments. The specific antiserum recognized an antigen on the cell surface of carp peripheral blood leucocytes (PBL) labeling strongly the majority (66.5%) of the leucocytes (Figure 2A (42%), Cyca-B2m+/WCI12 (17%), Cyca-B2m-/ WCI12 (2%), and Cyca-B2m-/WCI12-(37%). In the case of the thrombocyte marker, the following proportions were found: Cyca-B2m+/WCL6 (7%), (57%), Cyca-B2m-/WCL6 (17%), and Cyca-B2m-/WCL6-(19%).
In order to study the expression of Cyca-B2m in major lymphoid organs (namely, thymus, spleen, and pronephros), leucocytes were isolated, labeled with the polyclonal anticarp/32m, and analyzed by FACS. No expression was detected on erythrocytes, as indicated by the fact that the staining of these cells was similar to the negative control, that is, conjugate only ( Figure 3 ). The antiserum recognized leucocytes isolated from the thymus, pronephros, and spleen, but the level of expression differed among these cell populations. Pronephrocytes and splenocytes could be divided into three populations: a negative, dull-, and bright-positive population. In the pronephros, equal representation of negative and bright-positive populations was observed, whereas with splenocytes, the majority were found in the negative and dull-positive populations. Thymocytes comprised only brightpositive cells ( Figure 3B Cyca-UA were reduced, but recovered to control levels after 6 days. The expression of surface Ig during this period was constant. Transfer of carp from 12C back to 24C did not change all of the expression patterns studied to any significant degree ( Figure 4 ). In the second experiment, the carp were moved from 24C to 12C, and finally to 6C. The fish remained at this temperature for 2 weeks before being transferred back to 12C. Fish kept at 6C showed, after 3 days at this temperature, reduced levels of Cyca-B2m and Cyca-UA expression. However, after 6 days, all cell-surface expression studied is lost and remained absent for prolonged periods, except Ig.
After transferring the carp to 12C, they recovered to normal levels within 6 days at this temperature. Cellsurface expression of surface Ig again remained constant during the experimental period Figure 5 ). (Flajnik et al., 1984 (Flajnik et al., , 1987 . Also, in chicken, the B-F encoded molecules are expressed on nucleated erythrocytes (Mller et al., 1991 In the next set of experiments, we addressed the effect of temperature on the expression of the /32m and Cyca-UA class I molecules. It has been demonstrated that both/32m and peptide are instrumental in the proper folding of the trimolecular structure of class I molecules (Elliot, 1991). There are, however, instances in which either of the two requirements can be circumvented. One of the best known example is the RMA-S cell line, in which in the absence of peptides, class I expression can be rescued by lowering the temperature (Ljunggren et al., 1990 ).
The/32m molecule seems to be more essential for a proper class I expression (Zijlstra et al., 1990) , although low levels of refolding with exogenous/32m and peptide have been observed (Vitiello et al., 1990) .
The experiments described in this study clearly showed that lowering the ambient temperature of the carp resulted in a decreased level of/32m and class I expression, which remained undectable when carp were kept at 6C. Recovery to normal expression levels, after transfer to a higher temperature, was achieved in all groups, albeit with a slower rate in the 6C group. In contrast, no changes were observed in the expression of the Ig on the B cells. The latter observation is consistent with the fact that temperature effects have been noted for T-cell but not B-cell functions .
The question that arises is whether the observed downregulation of class I molecule expression is due to (1) a failure to transport the molecules to the cell surface, and (2) the inability to fold the trimolecular structure due to the absence of one or more of the constituents. The transport system of macromolecules does not seem to be impaired at low permissive temperatures because normal levels of Ig molecules have been observed on the B cells in the different temperature groups. Thus, the absence of either peptide,/2m, or class I molecules seems to be a likely cause. Although peptide is required to fold a functional class I molecule, low temperature would allow for the expression of empty class I molecules (Ljunggren et al., 1990) . In addition, the fact that antigen uptake and processing have been observed in fish at low permissive temperatures, although at a slower rate, would argue against an absence of protein-processing activities (Vallejo et al., 1992) . The latter study also showed that exogenous antigens are being presented, which seems to suggest in fish a different effect of temperature on expression of class II molecules. Although peptides bound to class I or class II molecules follow different processing routes (Brodsky et al., 1996) , it seems unlikely that the class I route has a different susceptibility to temperature changes compared to class II, which in fish seems to function only at a slower rate at lower temperatures.
The remaining possibility of absence of either the /32m or the class I a-chain molecule was investigated by semiquantative PCR. This experiment clearly indicated a downregulation of Cyca-B2m gene transcription only at 6C. Cyca-UA gene transcription is unaffected at all temperatures. Therefore, the absence of normal transcription levels of the Cyca-B2m gene accounts for the downregulation of class I molecules on the cell surface. This observation is reminiscent of /32m knockout mice, where also normal levels of class I transcripts can be found in the absence of class I cell-surface expression (Zijlstra et al., 1990 ).
In conclusion, temperature changes within permissive ranges can result in temporal or longlasting changes in class I expression, which is determined by a temperature-sensitive transcription regulation mechanism of the/32m gene. This observation could account, in part in aquacultural practices, for the observed "immunological disasters" after severe and sudden temperature changes . This applies especially to those cases where CTL responses are required for a proper immunological response to the causative agent, such as might be the case in "winter saprolegniosis" (Secombes et al., 1983) ; WCL6, a monoclonal antibody specifically recognizing carp thrombocytes (Rombout et al., 1996) . Peripheral blood leucocytes (PBL), isolated as described earlier, were incubated for 30 min on ice in 0.5 ml of appropriately diluted (usually 1:100) Cyca-UA or Cyca-B2m polyclonal antibodies. For all the incubation and washing steps, FACS medium containing cRPMI, 1% BSA, and 0.1% NaN3 was used. In order to detect Cyca-B2m, transcripts by PCR, two oligonucleotides 5'-ATG AGA GCA ATC ATC ACT TTT GC-3' starting at codon 1, and 5'-TTA CAT GTT GGG CTC CCA AA-3' ending at codon 98 were produced based on Cyca-B2m sequences (2). Similarly, for the detection of Cyca-UA transcripts, two oligonucleotides 5'-GGT GTT CAC TCA GTC CAG-3' starting at codon 1 of O 2 domain, and 5'-GCG CCT GCA GTT TTG ATC TTG TCC-3' ending at codon 96 of the o3 domain were produced based on Cyca-UA cDNA sequences (Van Erp et al., 1996a). The amplification was performed in Taq buffer (Eurogentec, Seraing, Belgium), using 1 unit of Goldstar Taq polymerase (Eurogentec), supplemented with 1.5 mM MgCI2, 0.2 mM of each primer, and 200 mM of each dNTP in a final volume of 100 ml. Template concentrations were balanced according to the levels of FI-dUTP incorporated into cDNA in a parallel reaction (see "RNA and cDNA Preparation"). The mixtures were subjected to a thermal cycle profile (1 min, 94C; 2 min, 55C; and 1 min, 72C) for a different number of cycles and analyzed by agarose gel electrophoresis.
